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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
It is well known that the fatigue lifetime of a notched component consists of the crack initiation lifetime (crack size equal to the 
characteristic microstructure size) and the crack growth lifetime. The crack growth lifetime is easily calculated if the initial crack 
size is known. A much more difficult task is to define a suitable initial crack size and to determine the initiation lifetime of such a 
crack. 
In the present contribution, a method is proposed to determine the crack initiation as well as the crack growth lifetime within a 
conventional f acture mechanics setup. To his purpose, singl  edge notched bending (SENB) specimens were manufactured with 
two different notch geometri s. For measuring the cra k length, the direct current po ential dr p (DCPD) technique was use . 
The DCPD results are not only used for crack growth assessment, but also for determining the point – or range, respectively – of 
crack initiation. 
By a statistical assessment of DCPD measurements at different load stress levels, it is possible to determine crack initiation and 
crack growth stress-life (S/N) curves, and in particular to assess the influence of the notch geometry on the crack initiation 
lifetime. The lower statistical tolerance limits of these curves may be used as criteria for mechanical design and determination of 
inspection intervals. 
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1. Introduction 
The fatigue lifetime of a notched specimen is divided into crack initiation and crack growth until the sample fails. 
For the derivation of inspection intervals in engineering applications, it is advantageous to know the crack initiation 
time. Unfortunately, in reality the evaluation of this crack initiation time requires big efforts. 
In the present work single edge notched bending (SENB) specimens with two different notch geometries are 
tested at different load levels. By using the direct current potential drop (DCPD) method we have information on the 
crack growth as a function of the number of cycles. The point of crack initiation can be assessed roughly from the 
DCPD measurements. A statistical analysis will be performed for the influence of the notch geometry on the crack 
initiation and fracture S/N curves. 
As a more novel and efficient method to determine the point of crack initiation, we propose to trace the crack 
growth backwards from the point of failure to the point where the crack size corresponds to the size of the largest 
microstructural barrier. It will be shown that the accuracy of this method depends crucially on the availability of 
detailed knowledge about the crack growth behavior and the applied and residual stress fields. The method will be 
validated by comparison with the DCPD measurements. 
Furthermore a crack starting with a semi-elliptical geometry and the transition to a straight crack front is 
compared with the measured crack length over the number of cycles to get the crack shape changing from a semi-
elliptical to a straight crack front. 
 
Nomenclature 
A0 constant in Newman’s crack opening function [ - ] 
A1 constant in Newman’s crack opening function [ - ] 
A2 constant in Newman’s crack opening function [ - ] 
A3 constant in Newman’s crack opening function [ - ] 
Af regression parameter for the failure line [ - ] 
Ai regression parameter for the crack initiation line [ - ] 
Ap regression parameter for the crack initiation lifetime fraction [ - ] 
a current crack length [mm] 
a/c ratio of the mean axes of a semi-elliptical crack front [ - ] 
aDCPD measured crack length by DCPD method [mm] 
aelliptical crack length of a semi-elliptical crack [mm] 
af crack length at fracture [mm] 
α Newman’s plane stress / plane strain tuning factor [ - ] 
αk elastic stress concentration factor at the notch root [ - ] 
astart initial crack length [mm] 
B thickness of the sample [mm] 
Bf regression parameter for the failure line [ - ] 
Bi regression parameter for the crack initiation line [ - ] 
Bp regression parameter for the crack initiation lifetime fraction [ - ] 
C constant in the NASGRO crack growth equation [ - ] 
celliptical crack width of a semi-elliptical crack [mm] 
Cf regression parameter for the failure line [ - ] 
Ci regression parameter for the crack initiation line [ - ] 
Cp regression parameter for the crack initiation lifetime fraction [ - ] 
Df regression parameter for the failure line [ - ] 
Di regression parameter for the crack initiation line [ - ] 
Δa crack extension [mm] 
ΔK stress intensity factor range [MPa√m] 
ΔK0 long crack threshold value of the stress intensity factor range at R = 0 [MPa√m] 
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1. Introduction 
The fatigue lifetime of a notched specimen is divided into crack initiation and crack growth until the sample fails. 
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growth backwards from the point of failure to the point where the crack size corresponds to the size of the largest 
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Bp regression parameter for the crack initiation lifetime fraction [ - ] 
C constant in the NASGRO crack growth equation [ - ] 
celliptical crack width of a semi-elliptical crack [mm] 
Cf regression parameter for the failure line [ - ] 
Ci regression parameter for the crack initiation line [ - ] 
Cp regression parameter for the crack initiation lifetime fraction [ - ] 
Df regression parameter for the failure line [ - ] 
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ΔKth threshold value of the stress intensity factor range [MPa√m] 
ΔKth,eff intrinsic (effective) threshold value of the stress intensity factor range [MPa√m] 
ΔKth,lc long crack threshold value of the stress intensity factor range [MPa√m] 
ΔN number of cycles between crack initiation and failure [ - ] 
F(R,Δa)  NASGRO crack growth rate factor [ - ] 
f(R,Δa)  Newman’s crack opening function [ - ] 
H height of the sample [mm] 
li length scale for the build-up of crack closure [mm] 
m constant in the NASGRO crack growth equation [ - ] 
Nf number of cycles at failure [ - ] 
Ni number of cycles at crack initiation [ - ] 
p constant in the NASGRO crack growth equation [ - ] 
R load ratio [ - ] 
ρ  notch radius [mm] 
σmax maximum applied stress [MPa] 
σF flow stress [MPa] 
t notch depth [mm] 
YN (a) geometry factor for a crack emanating from a notch [ - ] 
2. Experimental determination of the crack initiation line 
2.1. Notch geometry 
SENB specimens with two different notch geometries were manufactured from a pearlitic steel and tested at two 
different load levels each in a four-point bending device. The thickness of the specimens was B = 6 mm, the height 
H = 20 mm and the length L = 110 mm. In Fig. 1 the two notch geometries are shown. 
 
 
Fig. 1. Schematic representation of the used notch geometries: (a) mild notch; (b) sharp notch. 
On the left hand side of Fig. 1, the mild notch with a depth t = 4 mm and a notch radius ρ = 1 mm is displayed, on 
the right hand side the sharp notch with a depth t = 4 mm and a radius of ρ = 0.2 mm. 
 
All specimens were tested at a stress ratio R = 0.1 until the end of lifetime. During testing, the crack length was 
measured by using the direct current potential drop (DCPD) method, so that complete information about the 
evolution of crack length with the number of cycles is available. This information allows us to determine the crack 
initiation and crack growth lifetimes. The DCPD method is calibrated for a straight crack front.  
The tested material is a pearlitic steel with a yield strength of 500 MPa and a tensile strength of 1070 MPa, the 
dimension of one pearlite packet – the largest microstructural barrier and therefore also the limit for determining the 
crack initiation curve – is about 20 µm.  
a b 
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2.2. Experimental crack initiation line 
The experimental results are shown in Fig. 2. The crack initiation line is given by the points where a crack length 
of 20 µm was detected by the DCPD equipment (green crosses), the failure line by the points of failure (red crosses). 
It can be observed that the slopes of the crack initiation and failure curves are different and depend also on the notch 
geometry. Also the number of cycles between crack initiation and failure is higher for the sharp notch than for the 
mild notch. 
A detailed statistical assessment can be performed by means of linear regression. For distinguishing between 
mild and sharp notches, the categorical variable isMild is introduced; isMild takes the values -1 for sharp and 1 for 
mild notches.  
The following linear models for the initiation and failure S/N curves (subscripts “i" and “f”, respectively)  
σ
σ
∆⋅⋅++⋅+=
∆⋅⋅++⋅+=
log)()(log
log)()(log
fffff
iiiii
isMildDBisMildCAN
isMildDBisMildCAN
   (1a,b) 
account for the ordinate intercept and the slope disregarding the influence of the notch geometry by means of the 
parameters A and B, respectively; the influence of the notch geometry on the ordinate intercept and the slope is 
introduced by the parameters C and D.  
An analogous model for the logarithm of the initiation lifetime fraction Ni/Nf reads  
σ∆⋅⋅++⋅+= log)()(log pppp
f
i isMildDBisMildCA
N
N
.   (2) 
Inserting Eq. (1a,b), one obtains Ap = Ai – Af, Bp = Bi – Bf, Cp = Ci – Cf, Dp = Di – Df. Of course, owing to the 
statistical scatter, these relations between the parameters of the different regressions hold only approximately. 
However, the regression coefficient Dp is determined only at a level of significance of p ≈ 0.15, i.e., it has to be 
regarded as statistically insignificant. The model of choice for the initiation lifetime fraction is therefore 
σ∆⋅+⋅+= log)(log ppp
f
i BisMildCA
N
N
.   (3) 
The regression parameters are given in Table 1.  
Table 1. Regression parameters for Eqns 1-3. 
Model Parameter Value 
Crack initiation S/N curve, Eq. 1a Ai 28.86 
 Bi -7.63 
 Ci 6.97 
 Di -2.21 
Fracture S/N curve, Eq. 1b Af 27.88 
 Bf -7.25 
 Cf 5.69 
 Df -1.84 
Initiation lifetime factor, Eq. 3 Ap 1.53 
 Bp -0.57 
 Cp 0.17 
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The experimental results are shown in Fig. 2. The crack initiation line is given by the points where a crack length 
of 20 µm was detected by the DCPD equipment (green crosses), the failure line by the points of failure (red crosses). 
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Fig. 2. Experimental results and the statistical approach of the failure and crack initiation curves (initiated through thickness crack size of 20 μm) 
 
An extension of this concept to design S/N curves for crack initiation and failure is straightforward by means of 
regression tolerance bands for a desired survival probability and statistical coverage. However, if one is interested in 
particular in the crack initiation S/N curve, both concepts presented so far are not entirely satisfactory: 
• determining the crack initiation S/N curve from DCPD measurements requires an enormous experimental effort, 
whereas 
• estimating the crack initiation S/N curve from a fracture S/N curve via the statistical approach (Eq. 3) lacks the 
physical basis and cannot directly be extrapolated to notches of arbitrary acuity. 
A physically based model for the crack initiation curve is therefore needed. Instead of trying to develop a model 
for the formation of a fatigue crack, we propose to calculate the duration of the fatigue crack growth phase and to 
estimate the points of the crack initiation S/N curve by a backward calculation from the point of final failure (which 
is known from the failure S/N curve) to the point of crack initiation. 
3. Numerical prediction of the crack initiation line from the failure line 
3.1. Fracture mechanics experiments 
The NASGRO equation describes the crack growth under cyclic loading. Eq. 4, a modification of the NASGRO 
equation by Maierhofer et al. (2014), describes the crack growth also for physically short cracks depending on the 
stress ratio R and the crack extension ∆a. The linear part of the equation is described by using the parameters C and 
m. Furthermore, in Eq. 4, also Newman’s crack opening function f (R) and the constant p governing transition from 
the near-threshold stage to the linear (Paris) stage of crack growth is included. The stage of accelerated crack growth 
at incipient failure can be neglected due to the extremely low number of cycles spent there.  The modified NASGRO 
equation then reads 
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where σmax/σF=0.3 for the load levels investigated and α=3.0 for plane strain conditions. 
 
For the long crack threshold ΔKth,lc(R) a linear dependence on the stress ratio R is assumed, 
)1()( 0th,lc RKRK −⋅∆=∆ .    (8) 
For evaluation of the parameters in Eqns 4 to 8, several fracture mechanics experiments are required. For this 
purpose, pre-cracked single edge bending (SE(B)) specimens were tested at different load ratios R = -1, R = 0.1 and 
R = 0.7 followed by a statistical analysis. 
 
In Fig. 3 the results of these experiments and their statistical evaluation are shown. Different colors mark 
different load ratios R. Experimental results are illustrated by single dots, whereas the continuous and dashed lines 
represent the mean estimate as well as the upper and lower predictions (denoted by COV-up and COV-low) 
obtained by combining the respective upper (97.5%) and lower (2.5%) confidence limits of the parameters, cf. 
Table 2. 
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where σmax/σF=0.3 for the load levels investigated and α=3.0 for plane strain conditions. 
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Fig. 3. Experimentally determined and fitted da/dN-curves for different stress ratios. 
It can be observed that the statistical analysis gives a good correlation at R = -1 but the resulting long crack 
threshold ΔKth,lc is lower compared to the experiments. In this case the lower COV-curve fits best. In consideration 
of the stress ratios R = 0.1 and R = 0.7 the upper COV-curve represents the best estimate for the experimental results 
although the long crack threshold is lower compared to the experiments. For R = 0.1 the estimated long crack 
threshold fits best to the experiments. 
 
To describe the crack growth threshold of physically short cracks, the cyclic crack resistance curve is used. The 
experimental results and the analytical prediction are shown in Fig. 4. For the analytical description we follow a 
proposal by Maierhofer et al. (2014) 









 ∆−−⋅∆−∆+∆=∆∆
1
effth,lcth,effth,th exp1))((),( l
aKRKKaRK ,   (9) 
where ∆Kth,eff denotes the intrinsic (effective) threshold (2.5 MPa√m for steel), and the long crack threshold 
∆Kth,lc (R) is estimated from Eq. 8. 
The analytical estimate with mean curve and confidence limits is again represented by continuous and dashed 
lines. For the stress ratio R = 0.1, the mean curve fits well, whereas at R = -1 the lower confidence limit gives the 
best result in comparison to the experiments. 
The parameters of the NASGRO equation obtained by the statistical analysis are listed in Table 2 and will be 
used for the further calculations below. 
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Fig. 4. Experimentally determined and fitted cyclic crack resistance curves for the threshold of stress intensity factor range for different stress 
ratios. 
Table 2. NASGRO parameters. 
Parameter mean COV upper COV lower 
ΔK0 [MPa√m] 5.318 4.365 6.271 
C [mm/cyc] 2.02E-9 2.42E-9 1.69E-9 
m [-] 3.581 3.748 3.414 
p [-] 0.198 0.149 0.248 
l1 [mm] 0.034 0.072 0.013 
3.2. Calculation of the notched specimen 
The calculation of a crack starting from a notch is somewhat different from the one for a crack in a smooth 
specimen. As long as the crack extension is small and the crack tip is near the notch root, the crack tip loading is 
fully governed by the stress concentration at the notch root; as the crack propagates further, it grows out of the notch 
stress concentration, which leads to a reduction of the crack tip load.  
A geometry factor for a crack emanating from a notch is given by Neuber (1977) as 
( ) ( )

















 −++−+⋅=
−−
−
4.05.2
5.2
kN 1111215,1 a
ataY α    (10) 
with the notch stress concentration factor 
 Stefan Kolitsch et al. / Procedia Structural Integrity 2 (2016) 3026–3039 3033 Stefan Kolitsch/ Structural Integrity Procedia 00 (2016) 000–000  7 
 
Fig. 3. Experimentally determined and fitted da/dN-curves for different stress ratios. 
It can be observed that the statistical analysis gives a good correlation at R = -1 but the resulting long crack 
threshold ΔKth,lc is lower compared to the experiments. In this case the lower COV-curve fits best. In consideration 
of the stress ratios R = 0.1 and R = 0.7 the upper COV-curve represents the best estimate for the experimental results 
although the long crack threshold is lower compared to the experiments. For R = 0.1 the estimated long crack 
threshold fits best to the experiments. 
 
To describe the crack growth threshold of physically short cracks, the cyclic crack resistance curve is used. The 
experimental results and the analytical prediction are shown in Fig. 4. For the analytical description we follow a 
proposal by Maierhofer et al. (2014) 









 ∆−−⋅∆−∆+∆=∆∆
1
effth,lcth,effth,th exp1))((),( l
aKRKKaRK ,   (9) 
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As it can be seen from Fig. 3, the load ratio has a marked influence on the crack growth rate. In the notched 
specimens, cyclic plastic deformation at the notch root causes a long-range residual stress field in front of the notch 
whose extension depends on the notch acuity t/ρ. This residual stress field influences the local load ratio at the crack 
tip until the crack has grown beyond its range (the short-range crack tip plastic zone of the standard SE(B) 
specimens is accounted for already by Eqns 4-8. In the experiments the two different notch types were loaded at a 
stress ratio R = 0.1 with two different applied stresses. These conditions were simulated by using the Finite Element 
Method (FEM). It is assumed that the plastic zone is stabilized after 10 cycles. The resulting local stress ratio R as a 
function of the distance from the notch root is shown in Fig 5. 
It can be observed that the plastic zone depends on the notch geometry as well as on the externally applied notch 
root stress range. The local stress ratio starts for all specimens at a negative value at the notch root and changes to a 
positive value after a certain distance. This varying stress ratio has to be considered when using Eq. 4 for calculating 
the crack growth. 
 
 
Fig. 5. Local stress ratio in front of the notch for different geometries and notch stress levels for a global stress ratio R = 0.1 
 
A further complication comes from the behavior of physically short cracks: after the crack has initiated, the crack 
growth will first follow the curve for R = 0.7 (no crack closure) regardless of the actual applied load ratio. After a 
certain crack length is reached and the build-up of crack closure is complete, the growth curve will follow the 
NASGRO equation for long cracks at the actual local load ratio (which is governed by the residual stress field and 
by the applied load). As mentioned before, a straight crack front is assumed. 
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The information about the crack length af and number of cycles Nf at the end of the lifetime is used to calculate 
the crack growth (Eq. 4 to Eq. 9). This is done with a backward integration from af to the size of the largest 
microstructural barrier, as af is known exactly. At first, the stress intensity factor by using the crack length at the end 
of the lifetime and the geometry factor from Eq. 10 have to be calculated: 
( ) ffN aaYK ⋅⋅⋅∆=∆ πσ     (12) 
By using Eq. 4 and the NASGRO parameters obtained from the statistical analysis the crack velocity da/dN can 
be calculated. On the basis of this crack growth rate da/dN the crack length af-1 one step before can be derived. 
( )
f
1fff1
NN
f dN
daNNaa
=
−− ⋅−−=     (13) 
This procedure is performed until the crack length reaches the size of the largest microstructural barrier, which 
gives the point of crack initiation. As the tested material is a pearlite, the dimension of one pearlite colony as the 
representative microstructural length gives a lower limit for the size of a physically small crack and will also be used 
as a limit for determining the crack initiation curve (Eq. 4 does not apply to microstructurally small cracks). This 
dimension is about 20 μm.  
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The information about the crack length af and number of cycles Nf at the end of the lifetime is used to calculate 
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Fig. 6. crack growth curves between initiation and failure: (a) ρ = 1 mm, t = 4 mm and Δσnotch = 1540 MPa; (b) ρ = 1 mm, t = 4 mm and Δσnotch = 
1260 MPa; (c) ρ = 0.2 mm, t = 4 mm and Δσnotch = 1085 MPa; (d) ρ = 0.2 mm, t = 4 mm and Δσnotch = 945 MPa; 
In Fig 6 all experiments for the two different notch geometries and the different applied notch root stress ranges 
are displayed. In addition, the backward predictions from Eq. 13 using the parameter sets from Table 2 are plotted, 
viz. the mean curve in black, the upper estimate for the confidence limit in red and the lower estimate in orange. The 
vertical green line represents the crack initiation limit, i.e. the pearlite colony size of 20 μm. 
The trend is exactly as predicted. The crack starts near the curve for no crack closure (R = 0.7). Then, due to the 
build-up of crack closure, the crack growth rate approaches a curve for a lower R value; the R value varies over time 
due to the crack propagating through the plastic zone in front of the notch root (cf. Fig. 5), which causes again an 
increase of the crack growth rate. The peculiar shape of the predicted scatter bands is due to the simultaneous effects 
of crack closure and residual stresses; the former tends to decrease the crack growth rate, whereas the latter tends to 
increase it. Although the scatter bands are quite large, Fig. 6 shows a satisfying prediction of the fatigue crack 
behavior.  
In Fig. 7 the numbers of cycles for crack growth from initiation to failure are plotted as a comparison of predicted 
vs. experimental value for both notch types and all stress levels. For the prediction, the mean values for the 
parameters (circles) are used as well as the upper COV parameter values (crosses) (for the parameter values see 
Table 2). For the sharp notch the prediction by backward integration fits within ±20% to the experimental results. 
The variation for the mild notch is bigger; here, the upper COV parameter values will give a conservative estimate, 
while the mean parameter values lead to a non-conservative prediction. 
 
 
Fig. 7. Experimental validation: actual (experimental) vs. predicted crack growth cycle numbers. 
The backward calculation provides a good estimation of the crack initiation line and the assumption of a 
minimum crack length due to a microstructural barrier of 20μm of a straight crack front. This is applicable for 
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mechanical engineering to gain an estimation of the crack initiation line for measurable short cracks by using the 
information of the failure and the crack growth rate.   
Nevertheless, in consideration of the initiation of pearlite colony, the crack front at the beginning will not be 
straight but rather semi-elliptical and grow until a certain length where the crack front will change to straight. 
4. Initial semi-elliptical crack shape 
Experiments stopping at a = 20 μm show a semi-elliptical crack front on the fracture surface. The stress intensity 
for a semi-elliptical crack can be calculated with the analytical approach by Newman et al. (1981). The stress 
intensity factor for surface cracks with a straight front is Y ≈ 1.12, whereas for semi-elliptical cracks it is Y ≈ 0.75, 
depending on the axis ratio a/c of the crack front. Regarding Eq. 10 we thus have to adapt the pre-factor 
accordingly. 
As the DCPD method gives the size of an equivalent crack of assumed straight shape, a relation between the axes 
a and c of the semi-elliptical crack and the length aDCPD of the equivalent straight crack has to be established. Such a 
relation is found by postulating that the ligament area of cracks of both types must be equal:  
B
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a ⋅
⋅⋅=
2
ellipticalelliptical
DCPD
π
    (14) 
For a first estimate of the influence of the crack shape, a forward calculation for a straight crack (black dashed 
line) and a semi-elliptical crack (black full line) are compared with an exemplary experimental result (blue line) in 
Fig. 9. The initial crack length is calculated from the intrinsic threshold ΔKth,eff as 
( ) πσ
1
2
N
effth,
start ⋅



⋅∆
∆=
aY
K
a ,    (15) 
assuming a constant ratio axis ratio for the elliptical shape of a/c = 0.8. YN(a) differs for the straight and the semi-
elliptical crack front. Note that this initial size of the semi-elliptical crack is about 100 µm and the corresponding 
equivalent trough thickness crack size is about 3 µm. 
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assuming a constant ratio axis ratio for the elliptical shape of a/c = 0.8. YN(a) differs for the straight and the semi-
elliptical crack front. Note that this initial size of the semi-elliptical crack is about 100 µm and the corresponding 
equivalent trough thickness crack size is about 3 µm. 
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Fig. 8. Crack growth of a straight and a semi-elliptical crack front; a(DCPD) denotes the equivalent crack length of the semi-elliptical crack for 
comparison with experiment 
 
The straight crack front grows faster than the semi-elliptical one due to the higher stress intensity factor. The 
dotted line represents the equivalent crack length of a semi-elliptical crack calculated by means of Eq. 14. The 
calculation fits very well to the experimental result until the point where the slope of the curve is flatter than the 
experimental curve. From this point on the calculation with the straight front fits better; this means that around this 
point there is a transition from the semi-elliptical to the straight crack shape. This transition point depends on the 
applied stress and the stress concentration αK in front of the notch; the sharper the notch, the lower is the transition 
point. 
 
In Fig. 9 the crack extension over the number of cycles is plotted for the different notch geometries and applied 
stresses.  The calculated curves using the backward method including the transition from a semi-elliptical to a 
straight crack (dashed lines) show a good correlation with the experiments (full lines). The transition points where 
the crack front changes from a semi-elliptical to a straight front are determined from the experiments; they are as 
expected lower the higher the applied stress is and lower the higher the stress concentration αK is. 
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Fig. 9. Crack growth curves (full lines: experiment, dashed lines: backward calculation from the through thickness crack length and number of 
cycles of the failure): (a) ρ = 1 mm, t = 4 mm and Δσnotch = 1540 MPa; (b) ρ = 1 mm,  
t = 4 mm and Δσnotch = 1260 MPa; (c) ρ = 0.2 mm, t = 4 mm and Δσnotch = 1085 MPa; (d) ρ = 0.2 mm, t = 4 mm and Δσnotch = 945 MPa  
 
Remarkably, the number of cycles for the initiation of the crack is now near N = 0. Note, however, that the DCPD 
method is not sensitive enough to measure equivalent trough crack extension below 10 μm; therefore, a reliable 
determination of the exact initiation lifetime has not been possible.  
Conclusion 
The fatigue strength of notched specimens is usually divided into two stages, i.e., crack initiation and crack 
growth. By using the DCPD method during the testing of SENB specimens and the assumption of a straight crack 
front, a crack initiation line of the experimental results have been determined. 
A more efficient method to this purpose is to use the crack length and the number of cycles at failure and a 
backward integration. It was shown that the crack growth stage can be well predicted by using a NASGRO equation 
modified for the growth of physically short cracks. The results of the numerical prediction of the through thickness 
crack growth stage agree well with the experimental results. 
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